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 With university enrollment increasing, college campuses around the country are being 
placed under increased strain for parking.  More students results in more cars on an already 
stressed parking infrastructure.  In many instances, university parking management offices are 
being asked to accommodate this increase in parking without the construction of new parking 
infrastructure.  In order to accommodate these demands, better parking management is required.   
 This research develops a framework to evaluate current parking management practices 
and pinpoints methods to improve upon current practices.  The framework is generalized for use 
by any size and type of university.  Clemson University’s campus in Clemson, SC was used as a 
trial site for this framework.  This study evaluates Clemson University’s Parking and 
Transportation office and the policies used to justify parking changes.  The framework uses 
interviews, inventory and utilization data to evaluate the need for parking changes on campus.  A 
documentation of this process is also created in this research.   
 This case study can serve as a guide to university campuses undergoing significant 
growth, management change, or universities who simply want to improve parking management. 
It also provides insight into the collection of parking inventory and utilization data.  The 
framework was developed in a small to medium sized university outside of an urban area.  















 This work is dedicated to my mother and my father for all their support throughout the 
years, both financially and emotionally.  Without them I would never be where I am today.  












































 I would like to acknowledge Dr. Jennifer Ogle, Dr. Wayne Sarasua, and Dr. Ronnie 
Chowdhury for the opportunity to complete my Masters.  You have all been extremely 
supportive, encouraging and helpful throughout my time here at Clemson University.  I would 
also like to thank Mr. Dan Hofmann, Mrs. Katerina Moreland and the rest of Parking and 
Transportation Services for the opportunity to work with them on this project.  Finally, I would 



































TABLE OF CONTENTS 
ABSTRACT ................................................................................................................................ ii 
DEDICATION ........................................................................................................................... iii 
ACKNOWLEDGEMENTS ....................................................................................................... iv 
TABLE OF CONTENTS ............................................................................................................ v 
LIST OF FIGURES ....................................................................................................................... vi 
List of Tables ................................................................................................................................. ix 
CHAPTER ONE ............................................................................................................................. 1 
INTRODUCTION ...................................................................................................................... 2 
CHAPTER TWO ............................................................................................................................ 5 
LITERATURE REVIEW ........................................................................................................... 6 
Unique University Characteristics ........................................................................................................ 6 
Asset Management Systems.................................................................................................................. 7 
Asset Management Data Collection ...................................................................................................... 9 
Parking Studies ................................................................................................................................... 12 
Parking Management and Policy ........................................................................................................ 15 
Parking in a University Setting ........................................................................................................... 19 
Summary ............................................................................................................................................. 20 
CHAPTER THREE ...................................................................................................................... 22 
METHODOLOGY ................................................................................................................... 23 
Step 1: Conduct Interview and Review Documents to Determine SOP ............................................. 24 
Step 2: Develop/Refine Parking Inventory ......................................................................................... 26 
Step 3: Parking Utilization Study ........................................................................................................ 29 





CHAPTER FOUR ......................................................................................................................... 34 
ANALYSIS AND RESULTS ................................................................................................... 35 
Current Standard Operating Practices ................................................................................................. 35 
Parking Utilization Study .................................................................................................................... 48 
Parking Asset Management Framework ............................................................................................. 62 
CHAPTER FIVE .......................................................................................................................... 71 
CONCLUSIONS AND RECOMMENDATIONS ................................................................... 72 
APPENDICES .............................................................................................................................. 75 
APPENDIX A – 2012 Utilization Data .................................................................................... 76 
APPENDIX B – 2010 to 2012 Utilization Comparison ........................................................... 92 
REFERENCES ............................................................................................................................. 97 
 
LIST OF FIGURES 
Figure 1 - Asset Management Components .................................................................................... 8 
Figure 2 - Data Detail and Decision Making Levels (FHWA 2006) ............................................ 10 
Figure 3 - Variable Message Sign.  Photo Credit: sherifftechnologies.com ................................. 14 
Figure 4 - Streetline's Parker App (streetline.com) ....................................................................... 15 
Figure 5 - Peer Institutions ............................................................................................................ 26 
Figure 6 - PinPoint Geotech User Interface .................................................................................. 38 
Figure 7 - Lot Totals Spreadsheet ................................................................................................. 40 
Figure 8 - Individual Lot Spreadsheet .......................................................................................... 41 





Figure 10 - AutoCAD After .......................................................................................................... 44 
Figure 11 - Clemson Campus Parking Map .................................................................................. 44 
Figure 12 - Before Correction ....................................................................................................... 46 
Figure 13 - After Correction ......................................................................................................... 47 
Figure 14 - Identify Function ........................................................................................................ 48 
Figure 15 - Campus Utilization Areas .......................................................................................... 49 
Figure 16 - Utilization Spreadsheet .............................................................................................. 50 
Figure 17 - Area A Summary Table ............................................................................................. 51 
Figure 18 - Area F Summary Table .............................................................................................. 51 
Figure 19 - Campus Utilization Rates ........................................................................................... 53 
Figure 20 - Overall Occupancy Map ............................................................................................ 54 
Figure 21 - 2010 to 2012 Utilization Data - Table ........................................................................ 55 
Figure 22 - 2010 to 2012 Utilization Data – Graph ...................................................................... 55 
Figure 23 - Change Order Process Requiring a Map .................................................................... 58 
Figure 24 - Change Order Process - Map Not Required ............................................................... 59 
Figure 25 - R-04 Area - Before ..................................................................................................... 61 
Figure 26 - R-04 Changes ............................................................................................................. 62 
Figure 27 - Time to Find a Space – Sample Graph....................................................................... 64 
Figure 28 - Parking Permit Ratios ................................................................................................ 68 
Figure 29 - Utilization Area A Map .............................................................................................. 76 
Figure 30 - Utilization Area A Results ......................................................................................... 76 
Figure 31 - Utilization Area A Occupancy Chart ......................................................................... 77 





Figure 33 Utilization Area B Results ............................................................................................ 78 
Figure 34 - Utilization Area B Occupancy Chart ......................................................................... 79 
Figure 35 Utilization Area C Map ................................................................................................ 80 
Figure 36 Utilization Area C Results ............................................................................................ 80 
Figure 37 Utilization Area C Occupancy Chart ............................................................................ 81 
Figure 38 Utilization Area D  Map ............................................................................................... 82 
Figure 39 Utilization Area D  Results........................................................................................... 82 
Figure 40 Utilization Area D Occupancy Chart ........................................................................... 83 
Figure 41 Utilization Area E Map ................................................................................................ 84 
Figure 42 Utilization Area E Results ............................................................................................ 84 
Figure 43 Utilization Area E Occupancy Chart ............................................................................ 85 
Figure 44 Utilization Area F Map ................................................................................................. 86 
Figure 45 Utilization Area F Results ............................................................................................ 86 
Figure 46 Utilization Area F Occupancy Chart ............................................................................ 87 
Figure 47 Utilization Area G Map ................................................................................................ 88 
Figure 48 Utilization Area G Results............................................................................................ 88 
Figure 49 Utilization Area G Occupancy Chart ........................................................................... 89 
Figure 50 Utilization Area H Map ................................................................................................ 90 
Figure 51 Utilization Area H Results............................................................................................ 90 
Figure 52 Utilization Area H Occupancy Chart ........................................................................... 91 
Figure 53 Utilization Area A: 3 Year Comparison ....................................................................... 92 
Figure 54 Utilization Area B: 3 Year Comparison ....................................................................... 92 





Figure 56 Utilization Area D: 3 Year Comparison ....................................................................... 93 
Figure 57 Utilization Area E: 3 Year Comparison ....................................................................... 94 
Figure 58 Utilization Area F: 3 Year Comparison........................................................................ 94 
Figure 59 Utilization Area G: 3 Year Comparison ....................................................................... 95 
Figure 60Utilization Area H: 3 Year Comparison ........................................................................ 95 
Figure 61 Overall Campus: 3 Year Comparison........................................................................... 96 
 
List of Tables 
Table 1 - Parking Inventory Differences ...................................................................................... 41 
Table 2 - Inventory Summary ....................................................................................................... 42 

















Parking is an activity that many people do on a daily basis.  No matter your 
destination, any trip by personal vehicle begins and ends with parking.  For university 
students, parking is especially important because many students travel to a college 
campus multiple times per day.  Also, with university enrollment growing, parking 
management to accommodate more students becomes imperative.   
The transportation trends indicate that single occupancy vehicle travel is on the 
rise.  This means that more vehicles will need to park on a daily basis.  In cities where 
mass transit is either lacking or infeasible due to land use and development patterns, 
parking management becomes a vital tool in reducing congestion.  Proper parking 
management and promotion of Travel Demand Management (TDM) programs have been 
shown to reduce the congestion caused by the increase of vehicles making trips on a daily 
basis.   
The overall goal of this research is to develop a framework for campus parking 
asset management, and demonstrate how collection of detailed parking data can aid in 
parking management.  These data include parking demand and utilization data, inventory 
data that includes precise location and parking type information, and user feedback 
collected in the form of interviews and surveys.  The benefits of enhanced data for 
parking asset management are demonstrated via a case study at Clemson University.  
Objectives of the research include:  






2. Develop and refine a parking asset inventory system using semi-
automated hand-held GPS devices, remote sensing and existing CAD 
drawings;  
3. Conduct a utilization study using the newly inventoried parking to identify 
potential problems in the parking system,  
4. Define a framework for campus parking asset management to fill gaps 
between existing parking management systems for city vs. campus 
environments. 
The goal and objectives will be tested in multiple ways to answer the questions: how well 
can management identify problems in the system, how well can parking assets be 
recorded via GPS or other data collection methods, and will these changes be able to 
affect utilization rates? Findings from this research are applicable to Parking Departments 
at universities across the nation.  Clemson University has unique characteristics; 
however, this research can be generalized to larger or smaller campus parking systems.  
Clemson University is located in the outlying city of Clemson, SC.  Currently, the 
university is undergoing significant growth and new buildings are being placed on 
existing surface lots.  This campus infrastructure growth and related reduction in parking 
has led to an overcrowding of existing parking facilities.  Allocation of funding for new 
parking is minimal to non-existent, so better management practices are needed to reduce 
congestion of on-campus parking.   
The following Chapters describe the research and data collection revolving 





practices in parking management in Universities, and in a public city settings.  Chapter 3 
describes the methodology behind collecting necessary parking data and the 
implementation of new management practices.  Chapter 4 discusses the results of these 
new management practices and the format for presenting the results of data collection.  

















This review of literature explores the unique characteristics of a university setting, 
asset management systems, current practices of conducting parking studies, current 
parking management practices, and parking in university settings.   
Unique University Characteristics 
 Universities are defined by a variety of characteristics.  Students consider a 
university by academics, cost, school spirit, athletics, size, and location.  However, 
faculty and administration consider universities by national ranking, graduation rate, and 
benefits offered.  Each group of stakeholders evaluates a university via different metrics.  
Therefore, a university’s parking and transportation systems should also be evaluated 
using a multitude of metrics.  “The high degree of variability makes each academic 
institution an individual case for planning; however, [they] are more likely to operate 
under centralized management, providing greater leverage for implementing 
transportation policies and options” (Meyer 2009).  Parking at different universities can 
be as different as night and day.  Many universities have parking garages and centralized 
parking areas, while others have surface lots and on-street parking interwoven throughout 
the campus.  Some universities do not allow any vehicular traffic in the central campus; 
thus, parking is only allowed in fringe lots and students must walk or take shuttles from 
their vehicles to their campus destination. Different parking characteristics bring different 
parking management challenges. Availability of on-campus parking affects student 
decisions regarding living locations, travel modes, and studying locations.  “University 





parking availability and financing; transit availability and financing; and parking 
priorities” impact and shape student views on travel patterns and mode choice well 
beyond their college careers (ITE 2009).  Therefore, universities have a responsibility to 
manage parking in an efficient and effective manner.  This will maximize convenience to 
students, faculty, staff and campus visitors while benefiting parking operations, planning 
and maintenance.   
Asset Management Systems 
 The goal of asset management systems is to “optimize the preservation, 
upgrading, and timely replacement” of whichever asset the system is managing (US DoT 
1999).  “Asset management is a systematic process of maintaining, upgrading, and 
operating physical assets cost-effectively. It combines engineering principles with sound 
business practices and economic theory, and it provides tools to facilitate a more 
organized, logical approach to decision-making. Thus, asset management provides a 
framework for handling both short- and long-range planning.” (FHWA 1999)  Asset 
management systems improve efficiency, increase productivity, add accountability, and 
increase the ease of use of assets.  These advantages come from a data focused approach 
to managing systems.  This data focus stems from asset management systems being 
policy driven.  Asset management specifies that a system have clearly defined goals and 
objectives regarding the system being managed.  In order to measure these goals, data 
needs to be collected about the system.  This data is used to ensure that performance 
measures are attainable.  These performance measures are used to determine if goals and 





objectives.  In order to measure goals and objectives well, the data collected needs to be 
of high quality.  With this high quality data, it is easy to evaluate alternatives when 
selecting projects.  After projects are selected, the continued collection of data ensures 
that monitoring and accountability are added to this system (FHWA 2006).  This process 
is summarized in Figure 1, shown below. 
 





Asset management systems focus not only on the benefits of systems, but their costs as 
well.  This ensures that only projects with a good cost to benefit ratio are selected.  An 
added value of this is that asset management provides the ability to show how, why, 
when, and where assets were committed.  This brings accountability to a management 
system (FHWA 1999).  To gain these advantages, a large amount of data needs to be 
collected.   
Asset Management Data Collection 
 “In order to support Asset Management, agencies must collect, store, manage, and 
analyze large amounts of data in an effective and efficient manner.” (FHWA 2006)  “The 
way in which transportation agencies collect, store, and analyze data has evolved along 
with advances in technology, such as mobile computing (e.g., handheld computers, 
laptops, tablet notebooks, etc.), sensing (e.g., laser and digital cameras), and spatial 
technologies (e.g., global positioning systems [GPS], geographic information systems 
[GIS], and spatially enabled database management systems).” (FHWA 2006)  
Advancements in technology have made data collection easier and more efficient, which 
support asset management programs.  However, not all agencies have linked this data to 
programs well (FHWA 2006).  The linkage of data is essential to the decision making 
process.  Not all data needs to be known at all levels in the decision making process.  
Figure 2 shows the relationship between decision making levels and the required detail 






Figure 2 - Data Detail and Decision Making Levels (FHWA 2006) 
The FHWA (2006) specifies four ways to collect data for asset management 
systems; manual, semi-automatic, automatic, and remote sensing.  In manual collection, 
two or more data collectors record data with a pen and paper.  This can be done while 
driving or walking, depending on the asset being examined.  Semi-automated data 
collection involves some automated data collection devices, such as cameras or GPS data, 
but not all data is collected automatically.  This type of data collection is popular because 
it “yields comprehensive and accurate data” (FHWA 2006).  Automated data collection is 
similar to semi-automated data collection, however all data is collected automatically.  
The data collector’s only job is to operate the vehicle with the data collection device.  
Finally, remote sensing uses satellite imagery of an area to collect data.  This data can be 
collected via photologs, videologs, regular resolution images, or high resolution images.  





area.  Frequency and objective of data collection varies based on the project in 
consideration.  Objectives include, “inventory, inspection, tort reliability, and 
performance monitoring” (FHWA 2006).   Frequency can range from weekly to bi-
annually depending on the asset, asset importance, and asset condition  (FHWA 2006). 
Due to the variety of data collection methods, standards are provided to ensure all 
data is of the required quality for asset management systems.  The Federal Highway 
Administration specifies four characteristics that data should exhibit: 
 Integrity: multiple data sets representing the same piece of information should be 
equal. 
 Accuracy: data values should represent the considered piece of information 
closely. 
 Validity:  data values should be correct in terms of possible range 
 Security: data should have restricted access and be backed up frequently. 
In addition to having these characteristics, data should be clearly defined in a data 
dictionary to ensure that data is common between agencies.  The following characteristics 
are considered when selecting data to be collected : 
 Relevance: each piece of data should support a defined decision and need. 
 Appropriateness: amount of data collected and frequency of updates should be 
based on the needs and resources of the agency. 
 Reliability: the data should exhibit the required accuracy, spatial coverage, 
completeness, and currency. 





Data collected should have a positive benefit to cost ratio.  Once the data is collected, it 
should be stored in a database that fits the project.  Databases vary in terms of size, 
programs used, and usefulness.  Databases used for parking will be different from 
databases used for highway inventories. (FHWA 2006) 
 Parking Studies 
 A variety of parking studies have been conducted and published for specific cities 
and towns around the United States.  The majority of these studies have been conducted 
in downtowns.   The typical goal of these studies are to find supply and demand for 
parking and ensure adequate parking is available for all users.  Study areas ranged from a 
parking lot for a transit station in Brookhaven, NY to the entire downtown of Spokane, 
Washington.  A list of studies reviewed includes: Brookhaven, NY, Portland, OR, 
Springfield, OR, Wichita, KS, Spokane, WA, Valparaiso, IN, and Bozeman, MT.  
Typically, the study area was divided into zones.  Dividing an area into zones allows for 
easy collection of data.  Zones usually mirror natural boundaries such as streets, census 
tracts, and planning zone type.  If on-street parking is in abundance, zones can be 
determined via facility type.  All parking for a specific office building would be made a 
zone, while parking for a second office building would be a second zone.  Once areas 
were divided into zones, data was then collected.  Dividing parking into easily collectable 
zones is a characteristic unique to downtown areas.  Universities commonly divide 
parking into broad zones or districts.  Zone parking allows users to buy a certain type of 
permit and park in spaces designated for that permit.  This is the type of parking system 





which users can buy a permit for.  Some universities use a combination of these two 
methods.  The majority of the studies reviewed collected the following data: an inventory 
of parking spaces, utilization during peak parking hours, revenue generated, turnover 
violation rates, duration of parking, and accumulation.   
 After reviewing each of these studies, two important conclusions were similar 
across most of the studies: 1) the eighty-five percent rule is accepted as an industry 
standard, and 2) parking can be improved by providing better signage and 
communications.  The eighty five percent rule states that once parking is eighty five 
percent occupied, it becomes constrained.  Eighty five percent is also known as the 
parking industry standard occupation rate (Spokane 2013).  Therefore, most studies tried 
to provide plans to balance parking supply and parking demand such that supply 
outstripped demand by fifteen percent.  The second conclusion indicated that many 
downtowns could improve parking by improving signage.  “Every day, a significant 
percentage of drivers in single-occupancy vehicles search for a parking space” 
(Teodorovic). In some downtowns, which attract tourism, drivers from other locations 
compound this problem.  A common solution to this is to improve driver guidance 
systems.  This can be done via variable messages signs (Figure 3) and in recent years, 
smart phone apps (Figure 4).  These systems first identify where open parking spaces are 
located.  Then the systems direct users to available spots to reduce the time a user spends 
searching for a parking space.  Signs can either display the number of available spaces, or 
simply if there are open spaces.  Smart phone apps, such as the Parker App created by 





and upload that data to a central server.  That data is then overlaid with a Google map to 
show users where open spaces are – this can be particularly important for special parking 
spaces such as accessible parking.  Integration with Google Maps allows for turn by turn 
directions to parking spaces.  Certain meters also allow for payment from a smart phone 
(streetline.com).   
 






Figure 4 - Streetline's Parker App (streetline.com) 
These are two systems that parking managers are implementing to aid users in finding 
spaces.  When users are able to find spaces more efficiently, congestion is reduced.  
However, there are many other ways to adjust demand and efficiently manage parking. 
Parking Management and Policy 
“Parking Management refers to policies and programs that result in more efficient 
use of parking resources” (Litman 2012).  Parking management can make the difference 
between a useful parking system and one where users search for hours to find open 





 Consumer choice – multiple travel options  
 User information – users need information about these options 
 Sharing – parking facilities should serve multiple destinations 
 Efficient utilization – facilities should be sized appropriately 
 Flexibility – plans should accommodate change 
 Prioritization – the most favorable spaces should go to high priority users 
 Pricing – users should pay for the parking they use 
 Peak management – efforts should be made to deal with peak demand 
 Quality v. quantity – aesthetics should be considered as well 
 Comprehensive analysis – all costs and benefits should be considered 
If these principles are followed many benefits can be gained from better parking 
management.   
 Benefits include, cost savings, improved quality of service, supporting alternative 
transit modes and flexible facility design (Litman 2012).  Cost savings benefits are gained 
in two ways.  First, better management allows for less need for new facilities.  Secondly, 
these new management strategies also lead to new revenue generation.  When costs are 
saved and revenue is gained, the parking management company gains net worth.  Many 
methods of better parking management involve providing better information to users.  
When users have better information about the parking system, the can make more 
choices, and more informed choices.  This leads to reduced congestion and more 
satisfaction with the parking system.  These effects combined yield improved quality of 





other agencies.  This means no longer constructing a parking garage adjacent to the 
building it is meant to serve.  Instead, one parking garage might be constructed for three 
buildings, and a transit stop is included with the garage.  This leads to park and ride 
possibilities, increased walking from building to building and sharing of parking to 
reduce number of garages needed.  Better parking management also allows designers 
multiple options for addressing parking requirements.  (Litman 2012) 
 In order to gain these benefits, there are many examples of parking management 
practices.  Some of the more common practices include, “unbundling parking”, direct 
incentives to not park, overflow parking plans, contingency based parking, flexible 
standards, and pricing changes.  Unbundling parking refers to the method which users 
pay for parking.  Normally, users pay for rent and parking at one time.  However, 
unbundling parking suggests users pay for parking and rent separately.  Users will see the 
actual cost of parking and some users will search for alternatives modes.  This can reduce 
parking demand by up to twenty percent (Litman 2012).  This is an indirect incentive to 
not park, but there are also direct incentives to not park.  Companies can provide a car if 
employees agree to carpool or companies can buy employees transit cards to prevent 
employees from taking a personal vehicle into work.  These incentives become more 
important and more effective in cities with established transit systems.  Another 
important policy for cities with over congested traffic is an overflow parking plan. If on-
site parking is full, an overflow parking plan will allow employees to not waste time 
searching for parking in surrounding areas.  The overflow parking plan also addresses 





deals with the construction of new garages.  Typical parking specifications for new 
development specify a range of parking supply to be constructed.  In the past, planners 
would suggest building the high level of this range.  For example, if a range of sixty to 
one hundred was specified, one hundred spaces would be constructed.  However, 
contingency based parking suggests that the low (sixty) be constructed.  However, space 
is left available for extra spaces if they are needed in the future.  Users adjust to the 
amount of parking supplied and demand is decreased.  Flexible standards allow users to 
expand their parking options during off-peak hours. Flexible standards are common on 
university campuses.  Students are allowed to park in employee spaces late at night and 
on the weekends.  It is known that there is less employee demand at night and during the 
weekend, but student demand is still existent.  Therefore, spaces are opened to deal with 
this demand.  A final example of parking management strategies is pricing changes.  
Pricing increases deter users from parking and pricing reduction encourages more 
parking in an area.  Modification of pricing is an effective way to alter demand in certain 
areas. (Litman 2012) 
 Two American cities recently took this policy to the extreme.  Los Angeles and 
Seattle adjusted pricing of certain metered areas based on the utilization in those areas.  
Seattle measured utilization rates via manual data collection, while Los Angeles used 
“smart meters.”  These meters used in-space parking sensors and the Parker app 
developed by Streeline, discussed previously, to gather data.  The meters recorded how 
many spaces were paid for and used this as utilization data.  This data was compared to 





was the violation rate.  The consequence of the two different data collection methods was 
the frequency with which each parking authority could update prices.  Seattle updated 
prices once a month, while Los Angeles updated prices on a weekly basis.  When 
utilization was too high, prices were increased.  This achieved the goal of increasing 
availability of parking.  If utilization was too low, prices were decreased to encourage 
users to park in non-standard areas.  The result of this was increased availability of 
parking on main thoroughfares, and more users found parking on side streets.  There are 
some issues regarding fairness in this result.  Non-locals were forced to park on main 
thoroughfares due to lack of knowledge.  Locals found the side streets and parked for 
reduced prices.  (Synder 2013)  
Parking in a University Setting 
 Universities must accommodate parking for students, faculty, and staff.  There are 
various ways via which parking can be managed throughout campus.  Across the United 
States, two dominating parking management models are used at universities – the 
economic model and the political model (Shoup, 2007).  The economic model relates the 
price of permits to the supply of parking and the convenience of the space.  The political 
model ranks parking permits and defines zones of spaces where drivers can park.  These 
zones can be defined based upon either position (i.e., student v. faculty)  or rank (i.e., 
freshman v. senior and assistant professor v. tenured professor).  Parking availability is 
becoming a hot button issue with university administrators who find themselves “in the 
difficult position of deciding between the construction of expensive parking structures or 





demand” (Balsas, 2003).  In 2003, a university could initially expect to pay between 
$15,000 and $30,000 per net new parking space constructed within a parking structure 
(Toor, 2004).  These costs have increased with time.  These costs make having good 
parking management practices even more important.  Effectively managing demand can 
make a huge difference for the university. 
 Parking demand on campuses is influenced differently than parking demand in 
downtown areas.  Factors influencing campus demand include; parking pricing, transit 
service, student to staff ratios, parking regulations, class schedules, and parking available 
in nearby areas.  Many of these factors cannot be controlled by parking management 
authorities on campus.  Universities that are growing must balance this increased 
enrollment with current supply of parking.  Due to the costs of constructing parking 
mentioned above, parking management practices become imperative to solve the parking 
problems of universities.   
 Summary 
 When parking is evaluated, more than just utilization needs to be considered.  
While the studies, summarized above, determine parking supply and parking demand 
well, management is lacking.  The asset management systems described previously have 
not made an appearance in parking management.  Parking is too commonly viewed as 
adequate or not adequate, a scale is lacking.  When parking is heavily utilized, above the 
eighty five percent rule, small changes made via good management practices make 





Parking will always be important to students, faculty and staff at universities and 
better management ensures that parking is an afterthought rather than a chore.  The lack 
of an asset management system provides universities with minimal knowledge of parking 
assets and devalues the importance of this knowledge.  The goal of this research is to 
demonstrate how adding an asset management type system in parking management 
improves the parking system.    The research also aims to define a framework for the way 























 This research intends to improve upon current practices in campus parking 
management via a case study at Clemson University.  As a first step, the current practice 
at Clemson University was researched.  Current practices were found via interviews with 
various members of the Parking and Transportation Services office at Clemson.  
Members interviewed ranged from the director, to parking enforcement officers.  These 
interviews provided insight in the day to day operations and management structure of the 
Parking and Transportation Services office.  Other Clemson specific information was 
reviewed including the Parking and Transportation Master Plan published in 2007 and the 
2010 Parking Peer Review.  The master plan stated goals and objectives appropriate to 
the economic conditions at the time.  Along with economic conditions, the goals have 
changed and that information was taken into account for this study.  In addition, a 2010 
peer review of parking systems at peer universities provided background relating to the 
management systems in place at other universities.  The study also provided information 
for parking availability, utilization, and cost comparisons with peer universities.   
 A second objective of this research is to fill a distinct research gap in parking 
management.  Many current management practices are outlined in a guidebook published 
by the International Parking Institute.  However, many campus parking departments, 
including Clemson’s do not have a copy of this manual.  In addition, most of the 
published research revolving around parking management focuses on downtown areas.  





Therefore, research needs to be conducted on university campuses to ensure management 
practices are sound. 
 Finally, literature on parking asset management was reviewed to find best 
practices.  While asset management is commonly applied to transportation assets such as 
pavement, bridges, or signage, it’s use in the parking arena has been predominantly 
focused on management of parking structure maintenance and operations.  Parking asset 
management for surface lots has yet to become a mainstream practice.  Given the benefits 
to be had from asset management systems, it is important to test their applicability to 
parking assets.  Through these three methods of background investigation, a process for 
conducting the research emerged.   
Step 1: Conduct Interview and Review Documents to Determine SOP 
 Prior to recommending changes to a system, it is important to review the standard 
operating procedures for the current system.   The review was conducted in three initial 
steps with the aid of two existing documents.  The first step was to review the Parking 
and Transportation Master Plan.  This document was commissioned by Clemson 
University in 2007.  The University hired consultants to conduct a study of overall 
parking needs of the campus and to provide insight on ways to improve parking.  Three 
consulting companies conducted this study including:  Carl Walker Inc, Connetics 
Transportation Group, and UrbanTrans Consultants.  The variety of transportation 
consultants provides a well-rounded approach to transportation solutions for campus.  
The document specified some improvements in the area’s publictransportation system, 





changes cannot be directly made in the system by the university.  The report also 
projected a deficit of spaces in the coming years and heavily suggested construction of 
parking garages as the solution.  This solution proved controversial and provided some 
motivation for the following research.   
 After reviewing the Parking and Transportation Master Plan, interviews were 
conducted with members of the Parking and Transportation Services office at Clemson 
University.  The purpose of these interviews is to ascertain the current goals of Parking 
and Transportation Services.  The Parking and Transportation Master Plan was published 
in 2007, and interviews were conducted in 2012.  Given the four years since the 
document’s publication, researchers wanted to ensure the goals of the Parking and 
Transportation Services office remained the same.   Interviews were often informal.  The 
informality provided less pressure and a more open discussion about parking goals.  
Interviewees could be candid and did not feel as if they were being pressured to create 
problems to discuss.     
 The final document reviewed was a Peer Review of Parking and Transportation 
Services.  This review was conducted in 2010, and the surveyed Universities are shown 






Figure 5 - Peer Institutions 
The surveyed institutions were asked about parking fees, parking structures, parking 
availability, transit fees, and Transportation Demand Management Programs.  This study 
aimed to determine where Clemson University stood with regard to these programs 
compared with its peer universities.   Given recent changes in Clemson parking 
management and results of the interviews, to be discussed in Chapter 4, the Parking and 
Transportation Services office expressed a need for a basic review of the parking system.  
This review was less extensive than the Transportation Master Plan from 2007, and the 
main objective was to identify the ‘real’ number of spaces on campus.  This is a vital 
piece of information for any parking department, and Clemson’s Parking and 
Transportation Services Department was uncertain of their actual parking supply.   
Step 2: Develop/Refine Parking Inventory 
 After careful review of the literature, and current documents regarding parking 





improving the parking system was to conduct a parking inventory.  A detailed inventory 
of parking assets is a goal stated by the Director of Parking and Transportation Services 
during the interviews.  Without knowing parking supply, it is impossible to deal with 
parking demand.  The first step to solving Clemson’s various parking problems was to 
conduct this inventory. 
 Conducting an inventory of assets can be a daunting task, especially when there 
are over twelve thousand assets (parking spaces) in question.  Asset Management 
literature specifies varying methods of conducting inventories.  In order to fulfill 
principles relating to electronic storage recommended by asset management guides, it 
was determined that the most efficient way to conduct the inventory was via a Global 
Positioning Systems (GPS) device.  The GPS device needed to be very accurate due to 
the proximity of parking spaces.  Points may overlap if the device is not accurate enough.  
Parking and Transportation Services decided to purchase a Trimble GPS device from 
PinPoint Geotech.  The device is accurate to one meter, which was determined as 
sufficient for the project. 
 To use the device, a researcher stood in a parking spot, waited twenty seconds to 
achieve an accurate determination of latitude and longitude coordinates and then utilized 
the device interface to record a data point and related characteristics.  The interface 
allowed for collection of multiple characteristics for each space including;  lot name, row 
number, space ID, meter ID, on/off street, space type, surface type, orientation, length, 
width, curb, and curb stop type.  PinPoint Geotech developed a user interface to allow for 





collection.  Obviously, more data can be collected related to condition of the paint and 
pavement, but time to completion of the inventory was a priority in the initial inventory.  
Data to be collected in the future includes: length, width, pavement condition, painting 
date and last re-striping date.  Therefore, only space ID, row number, lot name, meter ID, 
space type, orientation, pavement type, curb, on/off street, and curb stop type data was 
collected.  This process was repeated for each parking space on Clemson University’s 
campus.  To ensure that no parking spot was missed, previous parking utilization studies 
and Parking Enforcement Officers were consulted to obtain knowledge of smaller more 
remote lots on campus.   
 After data was collected, the data was stored via PinPoint Geotech software.  The 
PinPint Geotech device was connected to a computer via USB to transfer data.  This data 
upload process was completed after every data collection session to minimize risk of data 
loss.  Once this data was moved from the device to the computer, software allowed for 
the data to be exported in Microsoft Excel format.  The PinPoint software did not allow 
for any data management functions.  Data can only be viewed in an overlay with a Bing 
Map.  Microsoft Excel allowed for some data analysis, and data was saved by lot name.  
Each parking lot has an Excel file that contains data about each individual parking spot in 
that lot.  This data is aggregated in a single spreadsheet containing totals for each lot and 
for the entire campus.  Spaces are totaled by type and lot.  The data was also converted to 
AutoCAD and ArcGIS format.  These formats will be discussed in Chapter 4: Data 





Step 3: Parking Utilization Study 
 Having an inventory is a major step forward in the ability to manage parking.  
However, the inventory also aids in other types of data collection.  Clemson University 
conducts a campus-wide utilization study during the fall semester each year.  Having an 
up-to-date inventory of parking spaces eliminates the need for much of the pre-study 
work.  Areas considered for utilization are kept from previous years for analysis.  
However, using the inventory and software capabilities from ArcGIS, numbers of spaces 
in each area were automatically calculated from the completed inventory. 
 The total numbers of parking supply were entered into a Microsoft Excel 
spreadsheet and organized by area.  Other columns were created to calculate the 
utilization percent by day and for the total week.   AutoCAD and ArcGIS were utilized to 
create maps of each area to ensure counters could determine exactly what parking spaces 
were to be studied in each area.  The final pre-study step was to determine a path for 
researchers to take while conducting the study.   One researcher drove the campus to test 
for the most efficient route.  It was determined that campus could be split into two halves, 
each taking approximately two hours to canvass.   
 To conduct the utilization study four researchers were required.  Each side of 
campus required two students, one student to count and one student to drive.    Student 
volunteers were organized through the Clemson University Chapter of the Institute of 
Transportation Engineers.  Cars were provided via the Parking and Transportation 
Services Department.  Students were provided with a notebook containing maps of 





Students returned these items when counting for the day was completed.  Numbers were 
taken from the count sheets and input into Microsoft Excel.  Then values for utilization 
were calculated using the spreadsheet. 
 In addition to this campus-wide utilization study, it was determined that specific 
utilizations were also required.  These utilizations aimed to find utilization during hours 
not covered in the campus-wide study, and to affirm numbers found in the campus-wide 
study.  These studies were conducted in areas that were being considered for a change.  
Results from both types of utilizations will be discussed in Chapter 4. 
Step 4: Develop Framework with Measurable Targets for Campus Parking Asset 
Management 
 Once the data collection was completed, a framework for new management 
practices was devised.  This framework is being considered for implementation at the 
Parking and Transportation Services Office.  Management Practices considered for 
implementation are found from the literature review.   Not all management practices 
reviewed were applicable to a university setting and some were cost-prohibitive.  To 
determine which management practices were appropriate for Clemson University, 
brainstorming sessions were conducted with the Director, and the Senior Associate 
Director of Parking and Transportation Services.  For other agencies, it is advised to 
include all stakeholders in this brainstorming discussion.  After this session, data driven 
management and additional documentation of changes were decided to be the most 





 The final step of this research was to improve upon of the current measures of 
effectiveness being used in the management of parking at Clemson.  Literature indicates 
that many parking management offices only consider utilization and revenue data as 
measures of effectiveness.  It is important to consider these two measures of effectiveness 
because they are the industry standard.  However, the research team determined that there 
are many possible measures of effectiveness for parking.  Potential measures considered 
for inclusion in the campus asset management framework include: 
 Utilization during peak parking hours,  
 Revenue generated,  
 Turnover violation rates,  
 Duration of parking,  
 Accumulation  
 Time to find a space 
 Complaints 
 Permit to space ratio 
 Lot quality 
 Percent green space 
Data for several of these measures were collected and the measure compared against 
other measures to determine its usefulness.   
Each of the potential measures are defined in more detail to follow:  
 Time to space can be measured via sampling, having a researcher drive a car 





or researchers can stand at a vantage point above the lot to observe cars.  If 
funding is available, this can also be completed using cameras.   
 Complaints are documented via the Parking and Transportation Services office.  
Complaints are counted and sorted by lot.  Ideally these are stored within the 
inventory database.    
 Permit to space ratio is calculated after a parking inventory is completed.   The 
number of permits sold, by type, is known by the Parking and Transportation 
Services office.  This number is divided by number of spaces supplied for the 
appropriate type.  The ratio is important because certain types of spaces, such as 
commuter or student, can be above one.  This means the number of permits sold is 
greater than the number of spaces provided.   
 Lot quality is a combination of many measures.  Pavement quality, lighting, 
striping, and maintenance are all factors that determine the overall physical 
quality of the lot.  Ratings for these measures are subjective; therefore a strict 
rating scale should be determined before collecting data regarding these measures.  
 Percent green space is found by dividing the total lot area by the area filled with 
grass, trees, or shrubbery in the lot.  The ratio should be paired with lot quality 
and complaints to determine which lots need investment in physical attributes.   
 A detailed parking inventory was conducted as described above.  This accounted 
for each parking asset on campus and allows projections to be made and projects 
to be identified.  It is the basis for all other measures.  Therefore, it is very 





 Utilization during peak hours is an important measure of effectiveness that was 
collected at Clemson.  Utilization is the number of occupied spaces divided by the 
number of total spaces at a given time.  This allows management to determine 
how well parking assets are being used.  When taken over an extended time 




















ANALYSIS AND RESULTS 
Current Standard Operating Practices  
 Interviews and prior research proved vital to improving upon parking operations 
in a university setting.  The interview process provides valuable insights to goals and 
objectives for the current operation of a parking management office.   Interviews should 
aim to reveal these goals and objectives.  Interviews should also encompass a wide 
variety of users and stakeholders of the system.  While it is important to interview the 
Director of parking departments, it is also imperative to interview the users.   
 Interviews were conducted as described in Chapter 3 – Methodology.  The 
interview with the Director revealed a mindset of change.  During the initial interview, 
the Director mentioned that the exact number of parking spaces was not known, and there 
was pressure to construct additional parking facilities.  This pressure stemmed from the 
Parking and Transportation Master Plan, published in 2007.  However, Parking and 
Transportation Services aims to avoid constructing a parking garage and better manage 
existing resources.  The parking problem is believed to have abated compared to when 
the Master Plan was authored in 2007.  Recent lot re-designations added capacity for 
students, reducing congestion.  Construction of a garage is not desired due to high costs 
of construction and maintenance.  To raise money for construction of a parking garage, 
student parking fees would be increased.  This is a contentious subject with the student 
body and raising the student fees is considered a last resort.  In order to avoid 
construction, improved management practices and re-designation of parking was 





research team.  Major initiatives include: reforming the inventory and utilization study 
process, develop a new Parking and Transportation Master Plan, reforming visitor 
parking regulations and improving the local bus service.   
 In addition to these interviews, a parking benchmarking study from 2010 was 
reviewed.  This study showed that Clemson was about average when compared to peer 
universities.  Student permits were priced near the mean of student permit prices.  Faculty 
and staff permits were found to be priced below the mean of employee permits.  Most of 
Clemson’s peers utilized a similar system to Clemson.  This broad zone system allows for 
parking in many lots, provided one has a valid permit for that space type.  For example, 
an employee can park in any green, employee space.  These spaces are located 
throughout the campus, and there is no restriction on which lot a certain employee can 
park in.  One place Clemson excels is the carpooling and demand responsive transit 
systems.  These programs are utilized more than peer universities.  
 Determining current goals and operating practices of the parking management is a 
vital step in improving upon parking systems.  One must know the current practices 
before attempting to improve practices.  Once practices are identified, a brainstorming 
session with stakeholders should be held to determine the first steps to improvement.  For 
the Clemson University Case Study, the first step is conducting a parking inventory.   
Parking Inventory 
 A parking inventory can be conducted in various ways mentioned in the literature 
review.  Clemson University chose to use a Global Positioning Systems (GPS) device due 





company that distributes and supports the device - PinPoint Geotech - is located in 
Clemson, SC.  This device was used to collect data as mentioned in Chapter 3 – 
Methodology.   In the Clemson University Case Study, only one researcher was used to 
collect data.  In some cases, many researchers will collect data.  If multiple researchers 
collect data, a standard data collection process should be drafted.  The order and manner 
of data collection regarding parking spaces determines the data storage requirements in 
later analysis; therefore, it should be considered carefully before selecting a collection 
method. 
 As mentioned in Chapter 3, the PinPoint Geotech software did not allow for data 
management.  Data was stored by the date uploaded.   Figure 6 shows all the data 
collected during the inventory, and the PinPoint Geotech user interface.  Each red square 
represents a parking space.  However, these square graphics are not interactive; resulting 






Figure 6 - PinPoint Geotech User Interface 
To analyze the data, data had to be exported to a new platform -    Microsoft Excel.  The 
template for exporting was created by PinPoint Geotech.  All collected data was exported 
along with latitude, longitude, Positional Dillution of Precision (PDOP), button presses 
on the GPS device, date, time, and altitude data.  This data was then organized by parking 
lot, witheach parking lot given a separate Microsoft Excel file.  Parking and 
Transportation Services desired to know the total number of spaces in each lot and the 
number of spaces by space type in each lot.  This goal was accomplished using the 
countif function in Microsoft Excel.  The function searches one column of the 





example, if one wishes to count the number of employee spaces in a lot, the function is 
given a cell containing the word employee, to match the space type data collected.  The 
function then outputs the number of cells containing this exact data.  This process is done 
for each space type in a given lot.  To find the total number of spaces in a given lot, the 
space type cells with the countif function are summed.   This process is conducted for all 
lots on campus.  Once this process was completed, data was compiled into a summary 
spreadsheet.  This allowed for ease of use and eliminated extra data such as buttons 
pressed and PDOP.  This data is important to the researcher, but not important to the 
administrator.  This spreadsheet sums the totals for each space type and each lot.  The lot 
total sum provides a check to ensure accuracy in data entry.  The space type sum provides 
information to calculate permit sales mix and to ensure certain codes are complied with.  
Lots are organized by type.  The lot types used for the Clemson University Case Study 
are: commuter lots, employee lots streets, resident lots, and other lots.  These categories 
provide a quick reference to find a certain lot.  A notes column allows for construction to 
be noted.  In the Clemson University Case Study, lots used for special event parking, 
such as football games, are noted.  This allows for the Parking and Transportation 
Services office to explore revenue streams relating to charging per space for football 
parking.  A sample of the overall spreadsheet and the lot inventory spreadsheet are 












Figure 8 - Individual Lot Spreadsheet 
 
The parking inventory yielded different results from previous studies.  Previous inventory 
















Any Permit 1,035 
 




     
Table 1 - Parking Inventory Differences 
In addition to these major parking space types, there are other minor space types.  The old 
parking inventory did not account for these space types.  Therefore, planning for items 
such as service vehicle parking was impossible.  A result of the updated inventory was 
that all space types are accounted for.  A complete list of parking space types and number 
of spaces is show in Table 2 below. 













ADA Accessible 193 
Timed - 30 Min 152 




Loading Zone 28 
Official Use 15 
Special Use 12 
Timed - 15 Min 10 
Timed - 5 Min 4 
WeCar 4 
Admin Council 2 
Total 12141 
 
Table 2 - Inventory Summary 
After completing data export and summary, the data from Microsoft Excel was used to 
create an updated AutoCAD drawing of campus. 
 The Clemson University Facilities Department maintains an AutoCAD map of 
campus.  This map includes buildings, roads, utility lines, and lighting.  However, a 
glaring omission from this map was parking spaces.  The outlines of parking lots, 
including curb area, are included in the Facilities map.  Therefore, using the row 
information collected during the inventory, each parking row can be filled in with the 
appropriate number of parking spaces.  The correct number of spaces is quickly found 
using a count function on the row data in Microsoft Excel.  Knowing the number of 
spaces in each row, an array of spaces was drawn in AutoCAD using common 
dimensions.  The typical average space size of 8.5’ x 19’ was used though space size 
varied from a minimum length of 18’ to as much as 20’ depending on their location on 





campus.  This process of filling in the spaces in AutoCAD was repeated for each parking 
lot on campus.  This completed map is now used for updating design of parking lots and 
can be found on Clemson University’s Parking website.  Space types can be toggled on 
and off.  This allows users to search for specific parking types more efficiently.  Figures 
9, 10, and 11 below, show before and after results and the final campus map. 
 







Figure 10 - AutoCAD After 
 






Once the map was completed in AutoCAD, it was imported into ArcGIS.  The original 
map from Facilities was georeferenced to South Carolina State Plane coordinates.  This 
made it easy to import into ArcGIS, and aligned with a background digital orthophoto 
from Bing Maps.  GPS data was then imported into ArcGIS.  First, data was imported to 
a geodatabase for data storage.  Second, data was displayed using the display XY data 
tool.  This tool displays each data point based on latitude and longitude data collected 
from the GPS.  This process was repeated for each lot that has a Microsoft Excel 
inventory file.  Upon first importing the data, all individual spaces did not match exactly 
with the AutoCAD map.  The research team determined there are many possible sources 
of error that could contribute to GPS points not matching the AutoCAD map.  The GPS 
data included PDOP, which is a measure of the satellite configuration and an indicator of 
potential error.  Given that the PDOP values were low (below x), this was not considered 
a significant issue.    Multipath error can be related to PDOP, and occurs when the signal 
from a satellite reflects from an obstruction, such as a building, and the GPS device 
receives the signal from a different angle.  Multipath error was found to be highest near 
buildings and in spaces shaded by trees.  GPS errors can also include ionosphereic and 
atmospheric error, noise error, and clock error.  These errors are minimized because the 
PinPoint Geotech GPSs use radio based differential correction (Wide Area Augmentation 
System) that reduces these types of error.  Another reason why the points might not 
match well with the map could be due to map inaccuracies, or error induced by 
translating from decimal degrees to State Plane coordinates.  However, the majority of 





easy to match GPS points with individual spaces.  Therefore, the data errors were 
considered minor and collection via GPS is considered a success.  In order to correct 
these minor errors, the editor tool in ArcGIS is used.  Each space is moved on the display 
to match a particular parking space drawn in AutoCAD.  Figures 12 and 13 illustrate this 
process. 
 






Figure 13 - After Correction 
 
The database in ArcGIS allows for a user to see many attributes about an individual 
parking space using the identify function.   This includes all data collected from the GPS 
device.  However, for the Clemson University Case study, data that can be seen in 
ArcGIS is truncated for ease of use.  Any individual point can be selected to show this 
information.  Information that is not included, but will be collected in the future includes, 
pavement condition, last maintenance activity, and paint condition.    Quality data being 





and optimal allocation of maintenance funds.  An example of in the data access tool is 
shown in Figure 14 below. 
 
Figure 14 - Identify Function 
Parking Utilization Study 
 The annual parking utilization study was conducted using the newly completed 






Figure 15 - Campus Utilization Areas 
 
Each area is further divided into subareas.  For maps of each of these subareas, please 
refer to Appendix A.  The data from each daily collection period was entered into Excel 
the same date to ensure proper collection techniques were being used.  This spreadsheet 
used the number of available spaces and the number of occupied spaces to calculate 
utilization percentages.  Percentages were calculated for Monday and Wednesday, 
Tuesday and Thursday, Friday, and Monday through Thursday.  Friday’s were excluded 
from the typical school week since classes are typically scheduled for Monday and 





utilization percentages were found excluding Friday to find an average utilization for 
days when class is typically in session.  Therefore, parking demand is less on Fridays and 
utilization was found to be lower.  Figure 16 shows a sample of the utilization 
spreadsheet used to calculate utilization percent.  Area A, and the subareas contained in it 
are shown. 
 





This data is tabulated to find totals for each area.  Figure 17 shows the table for Area A.   
 
Figure 17 - Area A Summary Table 
Figure 17 does not show a large discrepancy in the total week utilization rate vs. the 
Monday through Thursday utilization rate due to the location and type of parking 
(primarily residential) in Area A.  The largest change in parking on Fridays is found in 
commuter parking.  An example of this discrepancy is shown in Figure 18.  Figure 18 
shows utilization rates for Area F.  Area F contains mostly commuter parking and some 
employee parking. 
 
Figure 18 - Area F Summary Table 
The “-Fri %” column represents utilization rates for Monday – Thursday.  The “Week %” 
column shows utilization rates for Monday – Friday.  The “M/W” column shows total 
spaces occupied of each type for Monday and Wednesday.  Similarly the “T/Thurs” and 





As the data shows, about three hundred thirty less spaces are utilized on Friday compared 
to the rest of the week.  This data is reflected in a four percent change in utilization when 
Friday is removed from the analysis.  Utilization for campus, excluding Friday, is shown 






  Table 3- Campus Utilization Rates 
 
 
Figure 19 - Campus Utilization Rates 
 
Total numbers of spaces in the utilization study do not match totals from the inventory 
study due to exclusion of some areas of campus from study.  Certain parking areas have 
been added in the previous year and were not included in the 2011 study.  These areas 
were excluded again in 2012 for consistency in analysis.  The final product of the 
utilization analysis is a GIS map of all utilization areas colored to reflect utilization.  This 
map is shown in Figure 20 below.  Red represents higher utilization and green represents 

















































Figure 20 - Overall Occupancy Map 
A second analysis compared the 2012 parking utilization study to studies 
completed in 2010 and 2011.  For this analysis only major space types are considered.  
Major space types include commuter, employee, resident, apartment, and any valid 
permit.  Minor spaces types, including ADA Accessible, LEV, Service, and Reserved 
types often change from year to year or have been recently created.  Therefore, the 
research team decided to focus on the major, unchanged parking types.  However, the 
number of spaces within each area has changed from 2010 to 2012.  These changes need 
to be considered when reviewing the utilization percentages.  The greatest change is a 
change from resident spaces to commuter spaces.  Figure 21 and 22,  show 2010 to 2012 
utilization data in tabular form and in graphical form.  For utilization by area for 2010 to 






Figure 21 - 2010 to 2012 Utilization Data - Table 
 
 
Figure 22 - 2010 to 2012 Utilization Data – Graph 
 
Figure 22 shows that utilization generally increased from 2010 to 2011, but decreased 
from 2011 to 2012. The decrease in utilization is expected to be a direct relation to 
having a realistic and detailed parking inventory.  This decrease is attributed to the 


























































considered employee and commuter spaces previously, but now are considered in their 
own category.  The reduction in any valid permit utilization can be attributed to less need 
for overflow parking.  Most of the any valid permit lots are reserved for overflow, and 
overflow parking was needed less in 2012.   Time of day is not a factor.  All utilization 
data in 2010, 2011, and 2012 were collected between 9 and 11 AM.  Any valid permit 
parking is mostly needed in the afternoon.  2010 and 2011 studies may have been 
conducted in later hours, thereby reporting increased utilization of any valid permit spots.  
Utilization rates may have decreased due to extra spaces identified in the inventory 
portion of the research.  The inventory identified over 2000 spaces that were unaccounted 
for in previous inventory data. 
 Throughout the analysis of previous parking utilizations, the research team noted 
a lack of documentation relating to parking changes.  Changes just seemed to happen, and 
no person in Parking and Transportation Services could provide a reason why.  The 
research team decided that a detailed procedure should be created for parking changes to 
be documented.  Having a procedure for recording changes adds accountably and 
improves the image of Parking and Transportation Services.  This procedure gains asset 
management benefits discussed in Chapter 2 – Literature Review.  The process begins 
with identifying an area with low utilization.  This area is further investigated to 
determine the reason for low utilization.  If it is determined that the area has low 
utilization due to space designation, a plan is drawn up to change the space type.  This 
plan must be approved by the Director of Parking and Transportation Services as well as 





Coordinator fills out paper work and completes the change.  The paperwork is then 
turned into the Senior Associate Director to file.  Once the paperwork is on file, the 
inventory is updated in each database described previously.  Each change is documented 
in a Microsoft Excel spreadsheet detailing the area changed, number of spaces changed 
and reason for the change.  Reasons for change include: under or over utilization rates, 
design improvements, and requests from departments.  This spreadsheet, along with 
paperwork on file provides accountability and documentation to management of parking 
assets at Clemson University.  A secondary process was drafted for changes that do not 
require a map.  An example of this type of change is re-striping a row of spaces.  The row 
is easily locatable, and a map is not necessary.  Figure 23 shows the process requiring a 












Figure 24 - Change Order Process - Map Not Required 
 
This process serves as a checklist to ensure documentation of changes.  The process may 
not be the most efficient for recording changes.  However, given the lack of 
documentation at Clemson University prior to this research, it is determined that this 
checklist is a good beginning for a documentation process.  Benefits of this process will 
not be fully experienced immediately.  The process is intended to maintain information 
over a period of time, a quality of management lacking in previous years at Clemson.  
True benefits of this new process will realized in future utilization studies, when apples to 
apples comparisons can be made between parking space types and parking lots.  
Ultimately, the changes will be evaluated to determine their value.  In the prior system 





changes is also not possible.  In order to improve this checklist further, Parking and 
Transportation Services aims to implement an enterprise data system.  The office is 
currently investigating costs of such as system.  If approved, this system would allow all 
forms of the inventory to be updated seamlessly.  Currently, the process requires each 
form to be updated individually.  The enterprise data system would automatically update 
each form when a single form is updated.  This enables more efficient management, and 
eliminates the probability of oversights in updating a certain form.  
 However, the process is utilized currently at Clemson University.  The first major 
change completed using this process is in the R-04 lot, along Morrison Road and Eaton 
Circle.  Figure 25, below shows a map of the area.  The utilization study determined that 
the R-04 lot is over-utilized and apartment spaces on Eaton Circle and Morrison Road are 
under-utilized.  Many vehicles in R-04 illegally parked in the grass median or in the grass 
to the side of the parking lot.  These cars were consistently receiving tickets for parking 
outside of valid parking spaces.  Due to the proximity of the areas and the similar 
characteristics of parking spaces, Parking and Transportation Services determined that 






Figure 25 - R-04 Area - Before 
Parking and Transportation Services determined how many spaces were required to be 
added in order to reduce congestion in R-04.  This number represents the number of 
apartment spaces, pink, to be changed to resident spaces, blue on Morrison Road and 
Eaton Circle.  It was determined that spaces would be taken from both roads to manage 
utilization effectively.  The final design is shown in Figure 26 below.  A follow-up 
utilization study in this area revealed a consistent utilization of R-04; however there are 
fewer illegally parked vehicles.  In addition, the changes spaces on Morrison road and 
Eaton Circle have increased utilization rates.  






Figure 26 - R-04 Changes 
Parking Asset Management Framework 
 One of the most important components of a parking asset management plan is the 
ability to measure progress toward goals and obectives.  Thus, multiple measures of 
effectiveness (MoEs) were identified during the research process, and data for many of 
these werecollected to test real world applicability.  Each of these measures will be 
discussed in more detail in the sections to follow.  Note that the measures described 
below are measures not commonly found in the literature review.   Measures such as 
inventory, utilization, turnover, and accumulation should also be considered when 





The first measure tested is time to find a space.  This measure aims to find the 
time from when a vehicle enters a lot until the vehicle arrives in a parking space.  Data 
collection for this MoE proved challenging.  Many parking lots do not provide a vantage 
point from which a researcher can view the entire lot.   In addition, during peak hours, it 
is difficult to count all cars parking in a large lot.  The most effective method of capturing 
data is via camera.  A camera can be placed atop a pole that can provide a vantage point 
that views the entire lot.  Data is then collected remotely.  However, this is an expensive 
option.  If the lot has tree cover, a vantage point that covers the entire lot may not exist.  
This MoE is only viable to collect in large lots.  For on street parking, many vehicles are 
not searching for parking, vehicles are just proceeding to a destination via the road 
containing parking.  Data collected is often misleading.  When the parking lot is empty, 
times to find a space are minimal.  However, when the lot is full, arriving vehicles cannot 
find a space and proceed to a different lot.  If the other lot is full, vehicles may return a 
second time to the same lot.  This situation is difficult to account for and is common in 
some Clemson University lots.  It was decided that if a vehicle left the lot without finding 
a space, time to space would be considered infinity.  Time to find a space also varies with 
time of day.  In the morning, spaces are available and time to find a space is low.   In the 
afternoon, when utilization rates are higher, time to find a space is commonly infinity.  In 
addition, vehicles entering via different parking lot entrances effect the time to find a 
space.  If the lot is full, cars will enter via the back entrance and find spots quicker than if 





from the same entrance can be considered.  A sample graph of results is shown in Figure 
27, below.  For simplicity, values recorded as infinity are shown as sixty seconds.   
 
Figure 27 - Time to Find a Space – Sample Graph 
After analyzing the results, the research team determined time to find a space is very 
similar to utilization data.  Given the difficulty in collecting this data, the research team 
determined that it is not a viable measure of effectiveness for Clemson. 
 The second measure of effectiveness tested was complaints/compliments.  The 
Clemson University Parking and Transportation Services office receives complaints 
about parking frequently.  However, there is no formal process for ensuring that these 
complaints are addressed in a timely or appropriate manner.  Complaints (and rarely 
compliments) are received via e-mail, phone, or in person.  The research team suggests 
that complaints/compliments be categorized and sorted by complaint type, lot, space type, 
or transportation demand management program. In order to aid in this organization of 
complaints/compliments, the research team recommends that complaints/compliments be 
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complaint/compliment pertains to and whether the complaint/compliments is in reference 
to a physical location on campus as identified via an interactive map.  
Complain/compliment types include lot condition, lot safety, or overcrowding of the lot.  
The number of complaints/compliments will be measured over time.  This will measure 
the effectiveness of changes made to the parking system.  Complains/compliments can 
also be used to determine where changes are required.  If a lot is receiving an above 
average number of complaints/compliments, an action might be required.  
Complaints/compliments can be plotted using ArcGIS.  Results of this MoE will be 
considered in future research.  Complaints/compliments need to be tracked over time to 
fully evaluate parking changes.  Once a system is set up, complaint/compliment data will 
be easy to collect and can be implemented well with the inventory system described 
previously.  Therefore, the research team believes collecting and classifying 
complaints/compliments will be a useful measure when evaluating parking changes.  This 
categorization of complaints/compliments will be completed in future research.    
Similar to organizing and collecting complaint data, citation data is currently 
being under analyzed at Clemson University.  The research team believes that collecting 
and recording information about the location and type of citations will provide valuable 
feedback about the parking system.  Mapping these citations in a GIS software will allow 
management to determine if informational or space designation changes need to be made 
in a certain area.  For example, if permit holders are frequently ticketed for parking in 





aware of the parking restrictions or add proximate metered spaces for short turn-around 
parking needs that may result in parking violations.   
 The third measure of effectiveness considered is lot quality.  This is a measure 
aimed at combining pavement quality, lighting, and paint maintenance into one measure.  
Each of these individual measures must be collected before combining.  These measures 
are very subjective and careful detail should be taken in collecting data.  Data collectors 
should be trained in the rating scales.  Each scale will vary depending on quality 
standards of the agency measuring the data.  Creating these scales is the subject of asset 
management and infrastructure management research and beyond the scope of this 
research.  Once data is collected, the three components of quality should be weighted and 
combined into an overall lot quality measure. Clemson University chooses not to weight 
all components the same.  Each component was measured on a 1-5 scale with 5 being the 
best and 1 being the worst.  This results in a combined scale of 3-15.  Data is still being 
collected for all lots, and is integrated with the ArcGIS inventory described above.  The 
final product will be a map of campus similar to Figure 20.  However, this map will show 
which lots are in the most need of maintenance.  This measure should be collected while 
inventory data is being collected and is very useful for maintenance plans.  This measure 
aids management in maintenance fund allocation, which is a growing concern as budgets 
become tighter.   
 The fourth measure of effectiveness considered is percent green space.  Green 
space is considered any vegetation found in a parking lot.  The aim of this measure of 





lots.  Percentage of green space is calculated by finding the area of green space in the 
parking lot and dividing the total area of a parking lot.  Areas are found using the parking 
map created in AutoCAD.  Many lots on Clemson University’s campus have 0% green 
space.  This is common for on street parking.  However, trees are nearby and provide 
shade.  Therefore, 0% green space is not a true measure of green space.  The ideal 
measure is area within drip line of trees divided by total parking lot area.  However, drip 
line data was not available for Clemson’s campus.  Therefore, the true measure could not 
be collected.  When analyzing data that was collected, the research team determined 
percent green space was not a very good measure of parking effectiveness.  Complaints 
can determine if a parking lot is lacking in vegetation.  The data is also difficult to 
collect.  Therefore, the research team does not believe percent green space is a viable 
measure of effectiveness for parking.   
 The final measure of effectiveness considered is space to permit ratio.  This 
measure takes the number of permits sold and divides by the number of spaces available 
for each permit type.  Clemson University considers the main categories commuter, 
employee, resident and apartment.  The goal of this measure is to ensure that an 
appropriate amount of permits are sold. Selling to many permits implies that permit 
holders may not be able to find a space.  Selling to few permits implies that some users 
who want a permit may not be able to purchase a permit.  These concerns are mainly 
unique to universities.  To benchmark, the 2010 Parking Benchmarking survey is used.  






Figure 28 - Parking Permit Ratios 
 
These ratios were higher with universities surveyed in the 2010 Benchmarking survey.  
When calculating the overall space to permit ratio, visitor permits were excluded.  Visitor 
permits are only valid for a day, so the ratio is skewed.  The carpool permit ratio is high, 
but utilization data shows that carpool spaces are 77% occupied.  Therefore, the high 
ratio is justified.  This measure of effectiveness is important to collect for universities to 
ensure that parking permit supply is at a level that is appropriate for parking space 
supply.  The research team recommends that all universities consider this MoE.  Space to 
permit ratio ensures that users who purchase a permit will find parking.    
Summary 
 The Parking and Transportation Services office at Clemson University had a 
distinct lack of knowledge of parking assets prior to this research.  As previously 
mentioned, this served as motivation for the completion of the parking inventory and 
utilization portions of this study.  Throughout the study Clemson University’s knowledge 





Transportation Services has experienced some management gains.  The first gain relates 
to Parking and Transportation Services’ ability to make changes to their parking assets.  
Prior to this research, changes were not documented, and therefore it was not known how 
long it took for a parking change idea to transition from inception to completion in the 
field.  This research implemented the work order change process which documents the 
date a change is requested and the date a change is completed.  The average time for 
these changes to be completed is approximately two days.  This is a measure created by 
this research that Parking and Transportation Services can look toward improving with 
future management measures.  Secondly, management gains have occurred in the parking 
map creation process.  Prior to this research, parking maps were only published in print, 
and it was unknown how often these printed maps were updated.   Due to this research, 
an online map is now available from Parking and Transportation Services’ website.  
However, the time it takes to update the printed maps is still unknown.  Parking and 
Transportation is currently in the process of updating the printed map, but the frequency 
of these updates is unknown.  An electronic copy is a valued addition to parking maps, 
especially on a university campus.  A parking survey is currently planned to questions 
students on their opinions of electronic parking maps versus paper copies.  The current 
electronic map has not been updated since it’s posting in February 2013,due to the lack of 
changes that have been made in campus parking.  A goal of Parking and Transportation 
Services is to update this electronic copy within days of a change being completed in the 
field.  Timely updates will allow Parking and Transportation Services to avoid conflicts 





have not, and are currently not broadcast to the users of the system in any form.  A 
recommendation of this research is to post parking changes via e-mail, on the Parking 
and Transportation Services website, or via social media.  This will allow for quick and 
effective use of parking changes.  These three results of the research have allowed 
Parking and Transportation Services to operate in a more efficient manner.   
 Finally, throughout the course of this research, it was determined that Clemson 
University’s Parking and Transportation Services office is lacking a key data collection 
tool.  This tool is a yearly parking and transportation survey.  Various surveys have been 
conducted regarding transit services and biking options at the university.  However, 
parking in general has been ignored.  The research team highly recommends that a survey 
is developed to question employees and students on their feelings of the parking system 
at Clemson.  Questions can be developed by the research team in conjunction with 
management at Parking and Transportation Services or questions can be developed from 
current parking surveys used by other schools.  Clemson’s Parking and Transportation 
Services office has indicated that questions from Peer Universities are available and can 
be used for survey development.  The research team recommends that this survey be 


















CONCLUSIONS AND RECOMMENDATIONS 
 There are many strategies published on how to correctly manage parking.  
However, rarely do these policies revolve around university specific systems.  Certain 
policies can be applied to a university setting from a public downtown area.  However, 
these policies do not fully address the unique problems encountered in a University 
setting.  By taking a systems approach to improving parking management, universities 
can make systematic and traceable improvements to parking systems.   This systems 
approach involves determining current goals, objectives, and practices, collecting data, 
evaluating the data, evaluating alternatives, implementing changes, and evaluating 
changes.  This process is designed to allow administration in university parking systems 
to easily adopt a data-centric policy of parking management.  The methodology for each 
university will be unique and the process must be altered to fit the organizational 
structure of a particular university.  Each university will have distinctive parking 
problems, and cookie cutter solutions will not be sufficient to solve all problems.   
 Clemson University served as a test scenario for the proposed evaluation process.  
New management, pressure to construct parking garages, and a desire to upgrade 
management practices drove the university to investigate alternative methods of parking 
management.  Throughout interviews with members of the Parking and Transportation 
Services office, it became obvious that data was lacking on the parking system at 
Clemson University.  Management expressed a desire for this data to be updated and 
organized in an easily updateable fashion.   This data update would drive decision 





decisions leads to an increase in efficiency, accountability, user satisfaction, and 
maximization of utilization rates.   
 While using the proposed management practices and going through the proposed 
evaluation process Clemson University experienced positive results.  Efficiency increased 
in various ways.  First, the time to make a parking change decreased.  When a utilization 
rate was too low, the time to make a change was often a few weeks, rather than months.  
The resulting University Parking Map was updated within a week of the change, as 
opposed to being updated once a semester.  Accountability was added with the Work 
Order Change History.  Previously, the Parking and Transportation Services office had no 
paper or electronic documentation of parking changes.  User satisfaction and utilization 
rates are pending future survey.    The Parking and Transportation Services office does 
not have the funds to conduct these studies more often than bi-annually.   
 The goal of this research revolved around three measures: identifying changes, 
data collection using GPS, and utilization rate changes.  This research aided in 
identifying changes that needed to be made in the parking system.  Prior to the research, 
Parking and Transportation Services did not have a process to identify changes.  Changes 
were made based on Parking Enforcement Officers noticing underutilizations.  This 
research developed a process to ensure that changes are identified in a systematic process.  
Thresholds that define under and over utilized areas are being set by parking 
management.  Standardizing the requirements to make a change ensures that no bias 
exists in parking changes.  Secondly, this research demonstrated that parking assets can 





accurate for GPS data.  Finally, utilization rates have decreased after the implementation 
of new management practices.  The three year comparison of utilization rates 
demonstrated a reduction in utilization rates of all major space types.   
 These management practices are applicable to small and large colleges either in 
urban or rural settings.  While each type of university will have different characteristics, 
these management practices are generalized to consider these characteristics.  
Universities choosing to adopt these management practices should be cognizant of 
differing characteristics between their university and Clemson University.  With 
differences in mind, new management practices will bring similar successes to those 
found at Clemson University.  However, effects may not be as drastic if the parking 





















APPENDIX A – 2012 Utilization Data 
 
Figure 29 - Utilization Area A Map 
 










Spaces Type Week 
Exclude 
Friday M/W T/Thur Fri Week % 
- Fri 
% 
245 Apartment 225.2 224 235 213 230 92% 91% 
57 Employee 31.8 32.25 35 29.5 30 56% 57% 
70 
Any Valid 
Permit 34.2 34 48.5 19.5 35 49% 49% 
7 Service 1.6 1.5 1 2 2 23% 21% 
2 ADA Accessible  1.6 1.5 1.5 1.5 2 80% 75% 
1 Visitor 0.6 0.5 0.5 0.5 1 60% 50% 
382 Total 295 293.75 321.5 266 300 77% 77% 
 









































Figure 32 - Utilization Area B Map 
 













Friday M/W T/Thur Fri 
Week 
% - Fri % 
1221 Resident 1163 1198.67 1193.5 1209 1056 95% 98% 
1199 Commuter 1170.5 1167.33 1186 1130 1180 98% 97% 
792 Apartment 633.75 642.67 643 642 607 80% 81% 
58 
Any Valid 
Permit 53.25 53 52 55 54 92% 91% 
52 Motorcycle 16.25 17 17 17 14 31% 33% 
20 Handicapped 2.25 2.33 2.5 2 2 11% 12% 
14 Employee 8.75 8.67 9.5 7 9 63% 62% 
13 Service 5.75 6 6.5 5 5 44% 46% 
9 Timed 1.75 1.67 2.5 0 2 19% 19% 
6 Visitor 1.25 1.33 1.5 1 1 21% 22% 
2 Bus 0.75 1 1.5 0 0 38% 50% 
3386 Total 3057.25 3099.67 3115.5 3068 2930 90% 92% 
 









































Figure 35 Utilization Area C Map 
 













Friday M/W T/Thur Fri Week - Fri % 
247 Employee 212.6 215 215.5 214.5 203 86% 87% 
50 Apartment 49 49.25 49.5 49 48 98% 99% 
23 Metered 5.2 4.75 5.5 4 7 23% 21% 
22 Visitor 15.2 17.5 18 17 6 69% 80% 
18 Special Use 7.4 6.75 4 9.5 10 41% 38% 
9 Service 6.2 6.5 6 7 5 69% 72% 
8 Handicapped 3.2 3.5 3 4 2 40% 44% 
7 Motorcycle 0 0 0 0 0 0% 0% 
2 
Loading 
Zone 0.6 0.75 0.5 1 0 30% 38% 
1 Timed 0.8 0.75 1 0.5 1 80% 75% 
387 Total 300.2 304.75 303 306.5 282 78% 79% 
 





























Figure 38 Utilization Area D  Map 
 













Friday M/W T/Thur Fri 
Week 
% - Fri % 
348 Employee 342.6 345 344 346 333 98% 99% 
104 Timed 49.4 46 51.5 40.5 63 48% 44% 
36 Motorcycle 27.8 31 30.5 31.5 15 77% 86% 
29 Metered 27.6 27.25 27.5 27 29 95% 94% 
18 Service 12.8 12.25 13 11.5 15 71% 68% 
18 Handicapped 13.4 13.25 14.5 12 14 74% 74% 
17 LEV 16.6 16.5 16 17 17 98% 97% 
14 Carpool 12.2 12.5 13.5 11.5 11 87% 89% 
5 Visitor 4.8 4.75 4.5 5 5 96% 95% 
2 Bus 0.4 0.5 0.5 0.5 0 20% 25% 
2 President 0.6 0.25 0.5 0 2 30% 13% 
1 WeCar 0.2 0 0 0 1 20% 0% 
594 Total 508.4 509.25 516 502.5 505 86% 86% 
 










































Figure 41 Utilization Area E Map 
 













Friday M/W T/Thur Fri 
Week 
% - Fri % 
591 Employee 580.9 582.33 582.5 582.5 575 98% 99% 
359 Commuter 358.4 358.25 358.5 358 359 100% 100% 
145 Gravel Lot 90.4 98.5 103.5 93.5 58 62% 68% 
64 
Any Valid 
Permit 63.8 63.75 63.5 64 64 100% 100% 
71 Handicapped 43.5 44.25 43 46 41 61% 62% 
60 Metered 59.25 59.67 59.5 60 58 99% 99% 
50 Motorcycle 34.1 35.33 34 37.5 30 68% 71% 
42 Service 34.6 34.58 36.5 31.5 34 82% 82% 
24 Carpool 15.6 16.5 16 17.5 12 65% 69% 
11 Timed 4.05 4.42 5 4 3 37% 40% 
10 Medical 7.75 8 9 6 7 78% 80% 
8 LEV 7.25 7.33 7.5 7 7 91% 92% 
7 Loading Zone 4.35 4.5 4.5 5 4 62% 64% 
7 Visitor 4.7 4.25 3 6.5 6 67% 61% 
2 WeCar 1 1 1 1 1 50% 50% 
1 Bus 0.25 0.33 0.5 0 0 25% 33% 
1452 Total 1309.9 1323 1327.5 1320 1259 90% 91% 
 













































Figure 44 Utilization Area F Map 
 













Friday M/W T/Thur Fri 
Week 
% - Fri % 
1575 Commuter 1394.8 1464 1483 1445 1118 89% 93% 
279 Employee 196.2 200.5 204 197 179 70% 72% 
19 Visitor 7 7.75 8 7.5 4 37% 41% 
9 Carpool 4.6 5 5 5 3 51% 56% 
9 Motorcyle 1.8 1.25 2 0.5 4 20% 14% 
8 Service 1.6 1.5 1.5 1.5 2 20% 19% 
8 Handicapped 1 1 1.5 0.5 1 13% 13% 
4 
Loading 
Zone 2 2 1.5 2.5 2 50% 50% 
1 LEV 0.4 0.5 0.5 0.5 0 40% 50% 
1912 Total 1609.4 1683.5 1707 1660 1313 84% 88% 
 








































Figure 47 Utilization Area G Map 
 













Friday M/W T/Thur Fri 
Week 
% - Fri % 
704 Employee 673 683.75 675.5 699.5 632 96% 97% 
100 Motorcycle 81.8 85.5 78.5 92.5 67 82% 86% 
67 Service 41.8 43.5 42 45 35 62% 65% 
38 Handicapped 21 21.75 21 22.5 18 55% 57% 
30 Metered 21.8 23 17 29 17 73% 77% 
21 Carpool 21 20.75 20.5 21 22 100% 99% 
20 Timed 16 16.5 17.5 15.5 14 80% 83% 
17 Loading Zone 12.6 13 12.5 13.5 11 74% 76% 
14 Visitor 12.6 12.75 11.5 14 12 90% 91% 
14 LEV 12 11.75 11 12.5 13 86% 84% 
5 Special Use 3.4 3.75 2.5 5 2 68% 75% 
1 WeCar 1 1 1 1 1 100% 100% 
1031 Total 918 937 910.5 971 844 89% 91% 
 











































Figure 50 Utilization Area H Map 
 













Friday M/W T/Thur Fri 
Week 
% - Fri % 
1118 Resident 1003.8 1017 1003.5 1030.5 951 90% 91% 
971 
Any Valid 
Permit 479 508 460.5 555.5 363 49% 52% 
553 Commuter 489.4 517 496.5 537.5 379 88% 93% 
266 Employee 161 168.75 158 179.5 130 61% 63% 
27 Reserved 13 12.25 12 12.5 16 48% 45% 
18 Motorcycle 1.8 2 1 3 1 10% 11% 
18 Handicapped 2.2 2.25 2 2.5 2 12% 13% 
18 Visitor 6.6 6 4 8 9 37% 33% 
8 Timed 2.6 2.5 2.5 2.5 3 33% 31% 
6 Bus 5 4.75 5.5 4 6 83% 79% 
6 Carpool 1.6 2 1.5 2.5 0 27% 33% 
5 Service 1.2 1.25 1 1.5 1 24% 25% 
1 Loading Zone 0.4 0.25 0 0.5 1 40% 25% 
3015 Total 2167.6 2244 2148 2340 1862 72% 74% 
 












































APPENDIX B – 2010 to 2012 Utilization Comparison 
 
Figure 53 Utilization Area A: 3 Year Comparison 
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Figure 55 Utilization Area C: 3 Year Comparison 
 













































Figure 57 Utilization Area E: 3 Year Comparison 
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Figure 59 Utilization Area G: 3 Year Comparison 
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